The spike (S) glycoprotein of coronaviruses is known to be essential in the binding of the virus to the host cell at the advent of the infection process. To study the maturation pathway of the S glycoprotein of the severe acute respiratory syndrome (SARS)coronavirus (CoV) within the host cell, a T7/vaccinia virus-based expression system coupled to immunoprecipitation with anti-S antibodies was used to test and analyze different forms of the S glycoprotein. The state of maturity of the S glycoprotein can be deduced from its sensitivity to hydrolysis by endoglycosidase H (EndoH) or N-glycosidase F (N-Gly F). A fully matured S glycoprotein will be modified with complex oligosaccharides which makes it resistant to cleavage by EndoH but not by N-Gly F. By exploiting this characteristic, it is then possible to determine which forms of the immunoprecipitated S protein are properly processed by the host cell. With this system, many different constructs of the S glycoprotein can be analyzed in parallel thus providing another method by which to study the functional domains of S involved in membrane fusion event that occurs during viral infection.
Introduction
Many enveloped viruses encode a membrane fusion glycoprotein for the entry of cells through receptor binding and viral-cell membrane fusion, including the newly emerged severe acute respiratory syndrome (SARS)-coronavirus (CoV) (1, 2) . Their N-linked glycans are needed for proper folding to reach the native conformation and to pass ER quality control (3). The spike (S) glycoprotein of coronaviruses is responsible for receptor binding and membrane fusion. It shares similarity with class I viral fusion proteins and is a typical type I integral mem-brane protein. The N-terminal S1 contains the receptor-binding site whilst the Cterminal S2 is a fusion subunit and is anchored to the viral envelope through a transmembrane domain. The S protein of SARS CoV is co-translationally Nglycosylated in the ER and trimerized if folded properly. One of the essential steps in the N-linked glycosylation is the transfer of a preformed, 14-core-unitoligosacharide to a specific Asn residue in the sequence Asn-X-Ser/Thr where X is any residue except Pro, Asp, and Glu. The oligosaccharide chain is trimmed down in the ER and the cis-Golgi. Different external sugars are then added to the trimmed chain in the medial-and trans-Golgi. Glycoprotein with high mannose oligosaccharides in the ER and cis-Golgi remain sensitive to endoglycosidase H (EndoH) treatment. They become EndoH resistant after being processed by the medial-and trans-Golgi resident enzymes to glycoproteins with complex oligosaccharides. Only the mature S glycoprotein is readily assembled into virions and transported to the cell surface, where it partakes in cell-cell membrane fusion (4) and facilitates the rapid spread of virus infection. Therefore, the acquisition of the EndoH resistance and the cell surface expression is an indication that the S glycoprotein has been properly processed and transported through the constitutive secretory pathway. The pulse-chase labeling and deglycosylation techniques are widely used to analyze the glycosylation and modification process of viral glycoproteins. Here, we describe methods for characterization of the spike glycoprotein of SARS CoV. 
Materials

Methods
The methods described below include a T7/vaccinia virus expression system and construction of the plasmid (Subheading 3.1.), the expression of the viral glycoprotein in mammalian cells and immunoprecipitation of radiolabeled viral protein (Subheading 3.2.), and treatment of viral glycoprotein with EndoH and N-glycosidase F (N-Gly F) (Subheading 3.3.).
T7/Vaccinia Virus Expression System and Recombinant pKT-S Plasmid Construction
A T7/Vaccinia Virus Expression System
The pKT-0 plasmid was developed by Liu (6). Expression of a target gene, inserted into the multiple cloning site region, is under the control of a T7 promoter ( Fig. 1) . A vaccinia/T7 recombinant virus vTF7-3 expressing bacteriophage T7 RNA polymerase was used to infect cells and to drive the expression of a target gene controlled by a T7 promoter. 
Reverse-transcription (RT)-PCR was performed using the Expand Reverse
Transcription and High Fidelity PCR Kits (Roche) with specific primers (see Note 1). 3. The plasmid pKT-0 was digested with BamHI/EcoRV, and was treated with 1 U of alkaline phosphatase per 3 µg vector in a volume of 100 µL at 37°C for 30 min (see Note 2) 4. The PCR product was digested with BamHI/StuI and was ligated into BamHI/ EcoRV-cut pKT-0. Ligation was performed at 16°C overnight with a molar ratio of vector to insert of 1:3 to 1:10. This results in plasmid pKT-S, where expression of the S gene insert is controlled by the T7 promoter. 5. The ligation product was transformed into competent DH10B cells. 6. Insert-positive cDNA clones were obtained by screening with restriction analysis. 7. The integrity of the S gene insert was confirmed by sequencing analysis. Subheading 3.2.1.) , radiolabeling of cells with [ 35 S]-methionine/cysteine and chasing with cold methionine/cysteine for 0.5, 1, 2, 4, and 6 h (Subheading 3.2.2.) , and immunoprecipitation of the S protein with rabbit anti-S antibodies followed by separation of protein in SDS-PAGE and visualization by autoradiography (Subheading 3.2.3.).
Expression Analysis of the Viral Glycoprotein in Mammalian Cells and Immunoprecipitation of Radiolabeled Viral Proteins
The next step involves a pulse-chase labeling experiment to investigate the maturation of SARS-CoV S protein. This includes infection of Cos7 cells with vaccinia virus vTF7-3 followed by transfection with pKT-S (
Infection of Cells With Vaccinia Viruses Followed by Transfection With Plasmid pKT-S
14. Dry the gel at 80°C for 1 h on a gel dryer. 15. Visualize the viral protein by autoradiography (Fig. 2) .
Over the time-course of the experiment, the maturation of the 200-kDa form of S to the 210-kDa form could be observed as there was a gradual increase in the 210-kDa band accompanied by a reciprocal decrease in the 200-kDa band (Fig. 2) . The 210-kDa band is the mature glycosylated S protein as it was resistant to EndoH while the 200-kDa band is the immature glycosylated S protein as a result of its sensitivity to both N-Gly F and EndoH (see Subheading 3.3.).
Treatment of Viral Glycoprotein With EndoH or N-Gly F
EndoH cleaves high-mannose and hybrid structures on N-linked oligosaccharides of glycoproteins but does not act on more complex sugars. N-Gly F hydrolyzes all types of N-glycan chains from glycoproteins unless they carry α-1-3 linked core fucose residues which are normally present only in insect and plant glycoproteins. 12. Incubate the membrane with rabbit anti-S primary antibodies (1:10,000 to 1:60,000) at 4°C overnight. 13. Wash the membrane four times with PBS-0.05 % Tween-20. 14. Incubate the membrane with goat anti-rabbit horseradish peroxidase (HRP)-conjugated secondary antibodies (Pierce, Rockford, IL) at a dilution of 1:2000 for 1 h at room temperature. 15. Wash the membrane four times and then visualize the resolved proteins with an enhanced chemiluminescence reagent (Pierce, Rockford, IL) ( Fig. 3 ).
Notes
1. To facilitate efficient translation initiation, a Kozak consensus sequence (CCACC) was introduced in the forward PCR primer immediately upstream of the AUG initiation codon of the S gene and downstream a unique restriction enzyme site of the vector. 2 Dephosphorylation of the vector after double digestion with two restriction enzymes will reduce the likelihood of re-ligation of single cut plasmids, which can arise from incomplete digestion. This will decrease the transformation background when screening for the insert-positive cDNA clones. 3. For 15 to 30 min pulse-labeling of the cells in a 60-mm dish, 2 µL of [ 35 S]-methionine/cysteine (22 µM) in 1 mLof medium is needed. For longer labeling, 4 µL (44 µM) is required. 4. The amount of fully glycosylated proteins in cells will peak after chasing for 4 h.
After that, the yield of glycoprotein decreases due to cell death caused by vTF7.3 infection, however the ratio of mature to immature glycoprotein is increasing after 4 h chasing (Fig. 2) . 5. To prevent high background, avoid pipetting out the cell debris. Add more lysis buffer (0.5 to 1 mL) if the lysate is too viscous after centrifugation. 6. If there is no aspirator available, the "radioactive" RIPA buffer may also be removed by carefully pipetting it out and discarding it into a properly designated waste container.
